Tall cabbage (Brassica oleracea var. costata, cv. Penca de Mirandela) is grown in Portugal during autumn and winter months when heavy rains can be expected. In this agrosystem the management of N is a considerable challenge due to the risk of nitrate In the pot experiment, soil nitrate concentration was also monitored by using anion exchange membranes inserted directly into the soil. Urea produced mean DM yields statistically higher than control in all crops and in both field and pot experiments and years. No significant differences in DM yield were usually found among fertilised treatments. Basacote produced DM yields often not significantly different from that of control. In the field experiment of tall cabbage, plants recovered 20 and 50% of the amount of N applied, respectively in Basacote and in the other fertilised plots. In the pot experiment, tall cabbage + ryegrass recovered 49.6 and ≈100% of N applied, respectively in Basacote and in the other fertilised plots. From the strictly agronomic 3 point of view, none of the slow-release N materials provided advantages over urea to be advised for this agrosystem, considering also their high cost.
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controlled-release fertilisers (Trenkel, 2007) . Stabilized fertilisers refers only to those which are modified during production with a nitrification inhibitor. In all other cases, fertilisers and nitrification and urease inhibitors are sold separately (Trenkel, 2007) .
Several studies have shown beneficial effects of the use of slow and controlledrelease fertilisers, stabilized fertilisers and/or nitrification and urease inhibitors to enhance crop productivity. Pasda et al. (2001) reported positive effects of the use of the nitrification inhibitor DMPP on yield of various agricultural and horticultural crops under various soil-climatic conditions. An increase in rice yield and N-use efficiency through the use of slow-release fertilisers and nitrification inhibitors was reported by Carreres et al. (2003) . Studies involving the use of slow-and controlled-release fertilisers and/or nitrification inhibitors in containerized nursery tree plants showed suitable performances of seedlings treated with those fertilisers in comparison with traditional water-soluble formulations (Walker and Huntt, 1999; Fernández-Escobar, 2004; Oliet et al., 2004; Girardi et al., 2005) . Nitrification inhibitors have also been widely used as a means of mitigating environmental pollution. It is well documented that dicyandiamide (DCD), DMPP and other nitrification inhibitors can reduce nitrous oxide (N 2 O) emissions from grazed pastures (Macadam et al., 2003; Zaman et al., 2009 ), irrigated rice (Majumdar et al., 2000) and many other irrigated field crops (Delgado and Mosier, 1996; Linzmeier et al., 2001; Shoji et al., 2001; Majumdar et al., 2002) . A reduction in CH 4 emission from a rice-wheat cropping system in India with the use of DCD was reported by Pathak et al. (2003) . Nitrification inhibitors may also reduce NH 3 emissions from grazed pastures (Zaman et al., 2009) .
In other studies, however, no positive results have been reported following the application of fertilisers that delay nutrient availability (Cartagena et al., 1995; Diez et al., 1997; Guertal, 2000) . Inconsistencies in results may appear since nutrient-release rates could vary depending on fertilisers' characteristics, soil properties and/or climatic conditions. Nitrogen of IBDU, for instance, is released by hydrolysis, which is affected by soil moisture and temperature. IBDU is also unstable in acid media. Thus, it tends to release its N more rapidly in strongly acidic soils (Trenkel, 2007) . Nutrient release from polymer-coated fertilisers is also temperature dependent. Kochba et al. (1990) found a doubling of the release rate in three coated controlled-release fertilisers for every 10ºC rise in temperature. Huett and Gogel (2000) reported an increase in the nutrient release rate of around 20% for a temperature increase of 30 to 40ºC for various controlledrelease fertilisers. Stabilised N fertilisers contain a nitrification inhibitor which delays The objective of this research was to examine the effect of three fertilisers with different mechanisms of delaying N availability in the soil to be used in tall cabbage fertilisation, in a growing cycle that includes a period where both crop demand for N and risk of nitrate leaching are high. The time and rate of N released from fertilisers were evaluated in a field experiment with tall cabbage. In order to obtain supplemental data on the N release pattern of fertilisers, a field trial with rye, and a pot experiment with tall cabbage followed by ryegrass, were also carried out. Thus, the field trials consisted of the cultivation of tall cabbage in the autumn (Aug. to Dec.) as the main crop, and rye (Sep. to May) as a test crop, included to monitor the soil N availability 6 after winter rains. Tall cabbage absorbs N mainly in the autumn whereas rye absorbs N mainly after March, associated with stem elongation. The pot experiment was conducted to determine nitrogen availability from the fertilisers in conditions of reduced risks of nitrate leaching and denitrification. The pot experiment also allows the monitoring of soil nitrate levels over time, by using anion exchange membranes, an aspect not considered in the field experiments. The pot experiment started with the cultivation of tall cabbage followed by the cultivation of ryegrass in the same soil. (ii) rye (Secale cereale) also cultivated in the field; (iii) and tall cabbage followed by ryegrass (Lolium multiflorium) grown in a pot experiment.
Materials and methods

Data
The region benefits from a Mediterranean climate with some Atlantic influence.
The summer is warm and dry and the winter somewhat cold and rainy. The mean annual temperature and annual precipitation are 11.9ºC and 741 mm, respectively. Weather data registered during the experimental period are presented in figure 1 . 
Field experiments with rye
Rye was included in this study as a supplemental test crop to provide information on soil N availability in spring, after the winter rains. Taking Nitrogen released from applied fertilisers and soil organic matter was monitored by recovering nitrate ions in 1x2 cm strips of an anion exchange membrane inserted 7 cm into the soil and kept there for a week, as described by Rodrigues et al. (2006) . Soil nitrate concentration was determined on 29 Sep., 24 Oct. and 5 Dec. 2007 and on 4 Apr.
2008.
Laboratory analysis
Nitrogen concentration in tissues was determined by steam distillation and acid titration in a Kjeltec Autoanalyser 1030. Nitrate ions adsorbed in the anion exchange membranes were eluted with 20 mL of 0.5 M HCl and analysed in the extracts by UVvis. spectrophotometry. The strips of the anion exchange membrane were regenerated in NaHCO 3 before being reused as reported by Qian and Schoenau (1995) . Nitrate concentration in tall cabbage petioles was determined by adding 50 mL of distilled water to 1 g of petiole and shaking for 1 hour. Nitrate concentration in the extracts was determined by UV-vis. spectrophotometry.
Data analysis
Data analysis was carried out using JMP software. After ANOVA examination, the means with significant differences (α < 0.05) were separated by the Tukey HSD test.
The interpretation of the results of the field trials and pot experiment was also based on two indices of N use efficiency estimated as following:
-Apparent N Recovery (PNR, %) = 100 x (plant N uptake in fertilised plots -plant N uptake in the control) / amount of N applied as fertiliser; and -1 ) = (dry matter yield in fertilised plots -dry matter yield in the control) / (plant N uptake in fertilised plots -plant N uptake in the control).
Results
Field experiments
In the growing season of 2007, the tall cabbage DM yield was significantly higher in the Urea treatment (307.0 g/plant) in comparison with the Control (172.7 g/plant). No significant differences in DM yield were found among fertilised treatments ( 
Pot experiment
In the pot experiment there were observed significant differences in tall cabbage DM yield among the treatments ( 
Discussion
In In rye the demand for N increased greatly in early spring with stem elongation.
However, the delay in N availability from Floranid did not benefit rye crop. It seems that the delayed period was not long enough to reduce N losses during the winter. Rye In aerated soils urea is rapidly hydrolyzed to NH 4 + which is thereafter converted in NO 3 -(Rodrigues, 2004). Thus, in both Entec and Urea plots, NH 4 + and/or NO 3 -was available for plant uptake. In the tall cabbage experiment of 2008, 86% of PNR at harvest was absorbed by 31 October, before any relevant rainfall events had occurred (figure 1).
Hence, the probable higher persistence of NH 4 + in soil in Entec than in Urea plots, due to the effect of DMPP, had not any advantage for crop growth since the weather conditions during the first half of the growing seasons did not promote NO 3 -leaching and denitrification. In addition, part of NH 4 + may be fixed in clay minerals (Gioacchini et al., 2006) reducing N availability to plants.
Nitrate concentration in the anion exchange membrane extracts at 39 days after fertilisers' application was lower in Entec than in Urea pots. This means that DMPP effectively delayed NH 4 + nitrification. The long-term analysis provided from rye results
showed that DMPP would not be able to stabilize NH 4 + for such a long period to reduce, for instance, N losses during the winter. Consequently, ANR in Entec plots varied from 50.5 and 38.6% in tall cabbage and 27.2 and 46.5% in rye and these results were not better than that obtained in Urea treatment. It seems that the growing season of tall cabbage did not favour Entec performance, since more than 80% of N absorption occurred before autumn rains. On the other hand, rye did not benefit from the inhibitory effects of DMPP on NH 4 + nitrification, since the demand for N is low until April, 6 months after fertiliser application. Thus, as occurred with Floranid, the delayed effect of DMPP on NH 4 + nitrification did not benefit tall cabbage growth over Urea. In other studies, however, positive effects of the use of DMPP on yield and quality of various agricultural and horticultural crops were reported (Pasda et al., 2001) . DMPP has also been linked with positive environmental effects such as the reduction of nitrate leaching (Serna et al., 2000; Zerulla et al., 2001; Roco and Blu, 2006) and N 2 O emissions (Linzmeier et al., 2001; Macadam et al., 2003; Hatch et al., 2005) from soils.
Basacote gave the lowest tall cabbage DM yield in the field trial among fertilised treatments. ANR and N nutritional indices were also low. The results of Basacote were often not statistically higher than that of Control. ANR from Basacote was close to 20%, whereas in the Urea and the other fertilised treatments a value close to 50% was recorded. In the rye experiments DM yield and ANR were also lower for Basacote than for any of the other fertilised treatments. In the pot experiment, total ANR from Basacote was 49.6%, whereas in the other fertilised treatments was close to 100%.
Ryegrass DM yield was higher in Basacote pots as a result of inorganic N accumulation in soil from the cut of tall cabbage in December. The results of Basacote were attributed to the higher longevity of this fertiliser beyond the labelled rates provided by the manufacturer. The reason for this is that the release pattern of the polymer-coated fertilisers is determined in a water-leach test at 25 ºC (Trenkel, 2007) . This is a higher temperature than that registered during the growing seasons reported in this study. The (2007) concluded that new refinements are needed in controlled-release fertilisers' technology in order to optimize nutrient availability under realistic field conditions.
Conclusions
There was 
